Abstract SWOG (formerly the Southwest Oncology Group), a National Cancer Institute-supported cooperative group, conducts multi-institutional, multidisciplinary clinical trials for adult patients with cancer, covering a wide range of solid tumors and hematologic cancers. The group has amassed a large set of biospecimens, collected from patients in numerous studies over many years and linked to clinical data. SWOG is now actively promoting the use of this unique scientific resource by making it available to a much wider group of researchers. This biospecimen resource offers material for research on disease mechanisms, genomic changes associated with cancer progression, markers of response and resistance to therapies, diagnosis or detection of recurrence, and more. By collecting, storing, and distributing the specimens, SWOG provides the framework for translational scientists to complete the feedback loop from "bedside to bench." This article provides an overview of the group's biospecimen resources and guidelines for gaining access to them.
Introduction SWOG (formerly the Southwest Oncology Group) conducts clinical trials of therapies for a wide range of adult cancers, including most types of solid tumors and hematologic malignancies. Approximately 6,000 individuals are enrolled in SWOG clinical studies each year, with about 32,000 people involved in ongoing SWOG clinical trials each year. The SWOG network is comprised of more than 5,000 oncology health care providers who represent more than 600 institutions, including National Cancer Institute (NCI)-designated Cancer Centers, community practices and hospitals across the United States. SWOG conducts phase-I-III studies across this network in numerous cancers: breast, gastrointestinal tract, genitourinary tract, gynecologic tract, leukemia, lymphoma, lung, melanoma, and multiple myeloma. The Group is structured around disease treatment and prevention committees, which are comprised of multidisciplinary teams of medical oncologists, surgical oncologists, radiation oncologists, pathologists, nurses, translational scientists, biostatisticians, clinical research associates, patient advocates, and epidemiologists. SWOG conducts clinical research of new cancer drugs, drug combinations, chemoprevention agents, and combinedmodality therapies, with the goals of improving survivorship, lessening morbidity, and/or preventing cancer. The design of clinical trials incorporates experimental treatment regimens with specified eligibility requirements, and established clinical endpoints, such as survival, progression-free survival, or response, or toxicity, so that definitive conclusions on safety and efficacy may be obtained. The Group's translational research is designed to advance understanding of disease mechanisms and the actions of drugs and other treatment modalities, as well as to improve classification and prognostication of cancer. To accomplish translational research objectives, the group systematically collects specimens during the course of cancer clinical trials that are linked ultimately to mature clinical outcomes data. The inherent value of SWOG's biorepository lies in the prescribed standardized collection of specimens, and in the centralized processing, storage and tracking of biospecimen quality, quantity, use, and distribution. Use of the biorepository is aligned with the nationwide effort to advance the validation of biomarkers in cancer clinical trials and of companion diagnostics for targeted therapeutic strategies in phase II and III trials.
Materials and Methods

Rationale for biospecimen banking
Each SWOG clinical study may have scientific research aims that involve the collection of biospecimens for reasons that are either "integral" to the trial, i.e., necessary for the clinical study to proceed, or "integrated" into the trial as a prospective test of a research hypothesis or validation of candidate biomarkers. In addition, for larger studies, SWOG may, with appropriate informed consent from the patients, collect specimens without a specific scientific research aim that is established prospectively (banking). The types of specimens collected in each clinical study are determined by the integral and/or integrated uses they will serve, and their methods of collection are specified within the study protocol in tandem with informed consent documents. At the conclusion of the clinical trial and completion of the research aims, SWOG provides to the scientific community access to banked specimens to support expanded scientific exploration. The intended use of these biospecimens is to conduct research of high scientific merit related to the unique feature of the SWOG resource: to evaluate associations with endpoints obtained from the clinical study. A request for access to biospecimens only, based on a research hypothesis that does not include association with a clinical endpoint, is considered a low priority use of this unique and finite resource; the investigator is advised to request biospecimens from alternative sources.
Biospecimen inventory
The role of the SWOG biorepository is to distribute high quality specimens for approved research studies. The SWOG biorepository currently consists of four facilities: the solid tumor repository, the lymphoma and myeloma repository, the lymphoid leukemia and chronic myelogenous leukemia (CML) repository, and the acute myelogenous leukemia (AML)/myelodysplastic syndrome repository. Each specimen, with its derivatives (e.g., extracted nucleic acid), is recorded by the biorepository using a barcode tracking system. Specimen tracking is managed by a laboratory information management system that is designed to interface with the SWOG Statistical Center, with plans to develop an interface with data warehouse systems, such as CaBIG and Medidata Rave. Thus, it is possible to query the inventory of banked specimens using criteria related to
Translational Relevance
Biospecimens from cancer patients fuel basic cancer biology research and discovery of biomarkers. SWOG (formerly the Southwest Oncology Group), a National Cancer Institute-funded cooperative group, conducts multi-institutional, multidisciplinary cancer clinical trials that often include biospecimen collection and banking in addition to correlative laboratory studies that support the overall scientific objective of the clinical trial. The biospecimens are a highly valued resource to the research community because they are annotated with clinical data and outcomes from controlled cancer clinical trials. The biospecimens are made available to the research community as a resource after the publication of the primary endpoint of the clinical trial. This article describes the biorepositories, resources available for investigators, and the application process to obtain SWOG biospecimens for meritorious scientific research. The inventory of specimens from completed clinical trials is available for translational research. Details of the clinical trials can be retrieved in one of several ways: (i) using the clinical trials identifier number at <http://clinicaltrials.gov/ ct2/search>, (ii) accessing the protocol abstract posted on the SWOG website by SWOG Study Number, or (iii) via email to biospecimens@swog.org and publications, available in PubMed. The example in Table 2 provides an illustration of the diverse inventory of specimens at the SWOG solid tumor repository for 4 completed breast cancer clinical studies representing almost 7,000 patients, including specimens of FFPE tissue sections (Blocks), slides (FFPE slides), whole blood, serum, mononuclear cells (MNC), and plasma frozen in multiple aliquots (1 mL, 2 mL). Patient identifiers, however, are protected and kept confidential by the SWOG statistical center.
The repositories of specimens from patients with leukemias (myeloid and lymphoid) are composed primarily of frozen cells isolated from bone marrow aspirates and/or peripheral blood obtained at baseline (prestudy), during treatment or at follow-up (including relapses), depending on the study design. For many lymphoma and myeloma patients' specimens of serum and FFPE blocks are obtained in addition to marrow and peripheral blood cells. The inventory of each tumor type reflects ease of specimen collection and types of trials (mostly phase 2 and 3 trials in advanced disease), for this reason, the number of cases from breast cancer exceeds lung and pancreas tumors. Access to specimens in both solid tumor and hematologic cancers follows the same process described below.
Operation and policies
Biospecimens contributed by patients enrolled on SWOG trials are centrally processed for use in protocolspecified research and, when patient permission is granted, banked for future studies. Protection of the participant's privacy/confidentiality to donate tissues for research is emphasized through informed consent processes that are compliant with federal and local regulatory requirements and approved by institutional review boards (IRB). Individuals participating in SWOG clinical trials maintain their right to withdraw consent for biospecimen collection or for future use of specimen. Research investigators interested in using these specimens must submit an application (described below) and evidence of approval of the proposed research plan from their respective institutional review boards. In addition, investigators must provide sufficient proof of expertise and funding to complete the proposed studies. SWOG does not provide funding for translational research studies, however, will provide supporting letters in grant applications seeking funding for approved research. There is no cost associated with standard specimen processing, e.g., DNA extraction, PBMNC isolation and creation of frozen cell pellets; however, investigators must pay cost for shipment of specimens to and from the research lab and the SWOG biorepository. The investigator has two years of the research plan from the date of approval to secure funding and initiate research. The research is expected to be completed within two years unless other considerations are mutually agreed upon.
Using established protocols for biospecimen handling, the biorepository staff complies with a manual of standard operating procedures for assisting in procurement, use of specimen collection kits, and specimen processing, storage, tracking, and distribution. The quality of the specimens is monitored at many levels beginning with verification of patient and specimen identifiers on receipt in the SWOG Biorepository. Specific quality assurance measures depend on specimen type, and range from assessment of color and turbidity of serum samples, to estimates of tumor cell content in histologic sections, to DNA quality and content in extracts of tumor-related specimens. The bank works closely with end users to ensure optimal specimen quality for the intended research platform and specimen requirements such as DNA quantitation or aliquots needed for genotyping assays, e.g., PCR, genotyping, genome analyses, mRNA or miRNA analyses using a variety of platforms. If biospecimens fail quality check using positive and negative internal controls in the recipient laboratories then the biorepository will replace the specimen when possible. The biorepository will isolate DNA, quantify it by Nanodrop method, and dispense to aliquots as specified or required by specific platforms for shipment to investigators. The lifecycle of each specimen is documented according to processing method, aliquots created of a specific type (DNA, RNA, serum) and specimen integrity. The details of specimen collection schema and methods are included in the clinical study protocol (Section 15, Special Instructions) and details of methods for processing are available upon request should an investigator wish to review a method (e.g., extraction of nucleic acids from a specimen) with the biorepository. The SWOG Operations Office, Statistical Center and Biorepository are governed by SWOG policies that provide oversight for protection of privacy and confidentiality in accordance with guidelines developed by the NCI and consensus statements for the ethical use of specimens in genetics research (1) . SWOG conducts periodic performance reviews through audits at participating institutions to assure compliance with protocol stipulations for tissue collection, federal requirements and local IRB issues. Finally, biospecimen collections are audited annually to ensure accuracy of specimen tracking annotation, standard operating procedures and manual of operations, security and specimen processing, and storage methods and record keeping. In order to evaluate the quality of specimens, the sample integrity is noted on specimen intake, and pathologist review is carried out before and after specimens are processed as required by the clinical protocol or research study, for example, review of tumor cellularity, histopathologic review, and specific immunohistochemical assays. If the tumor integrity does not pass the initial evaluation, then a request is sent to the site to submit additional specimens, when available.
Access and distribution
To promote cancer research, SWOG provides an open access application procedure for use of specimens following publication of the primary results of the clinical trial. The process, templates, and details are also on the SWOG website (available from: http://www.swog.org/Visitors/ TranslationalMed.asp). Submission and distribution of SWOG specimens are tracked using the online specimen tracking system, a tool developed by the SWOG statistical center.
The process for reviewing applications for access to specimens from the SWOG biorepository involves the following steps:
i. The investigator should become familiar with the clinical data obtained on the clinical trial(s) requested, preferably through review of the published manuscripts describing the patient population and the primary trial results. The investigator must provide preliminary evidence for their hypothesis and describe how achieving the proposed aims is likely to contribute meaningfully to the knowledge base of the research field related to the clinical trial, disease, or development of biomarkers. ii. Investigator submits query by e-mail to ascertain feasibility of request, such as whether needed specimens from the trial(s) are available and whether sample format, quantity and quality are sufficient to carry out stated research. Request should be submitted in sufficient detail using forms provided on website http://swog.org/visitors/biorepository/ application.asp and e-mailed to biospecimens@ swog.org. iii. Investigator consults with SWOG statisticians on the number of specimens with specified clinical or histopathologic criteria required for their study. iv. Once notified that the request is feasible, the investigator submits a formal application using the SWOG The overall process for obtaining SWOG specimens is depicted in Figure 1 The principal investigator and local host institutions control part of the process involving execution of contracts, MUAs and confirmation of IRB approval, and the timeline to complete these steps is dependent upon diligence at individual sites. Proof of funding sufficient to cover costs of specimen processing, shipment and research is provided by the investigator. Investigators often obtain funding from NIH grants, such as R01, R21, SPORE program project grants, program project (P) and K awards.
Once the lab research is completed, the principal investigator works with the SWOG Statistical Center to perform the linkage of the laboratory data with the outcome and other clinical data, and the analyses of prognostic or predictive associations. The SWOG Statistical Center maintains the link of codes to patient identification numbers in a secure database so that protection of patient's confidentiality is upheld. In the course of the research, it may be helpful to consult with SWOG statisticians or study coordinators on specific clinical trial endpoints or secondary analyses in order to refine the research hypothesis.
Selected examples of use: Retrospective studies, data analysis, and clinical annotation
More recent examples of biospecimen use are shown in Table 3 . FFPE tissue has been successfully used for creation of freshly cut tissue microarrays for immunohistochemistry (study SWOG-9313), for preparation of slides for extraction of RNA for measurement of expression of specific genes by quantitative RT-PCR (study SWOG-8814), for gene-expression profiling and copy number variation detection (study SWOG-8819), for FISH analysis of gene amplification (S0342), and for genotyping studies (SWOG-9321, C150105, S0124). Secondary research using biospecimens collected may have a significant impact on the primary clinical trial, such as C08405, a clinical study investigating the contribution of either cetuximab or bevacizumab to chemotherapy treatment regimens in advanced colorectal cancer. While this trial was ongoing, scientific evidence emerged from retrospective studies that genetic mutations in K-ras resulting in constitutive activation of epidermal growth factor receptor (EGFR) signal transduction pathways is associated with lack of benefit to cetuximab treatment in colorectal cancer (2) . In response, CTEP and participating groups placed this trial on "clinical hold" in order to conduct confirmatory studies. The biorepository specimens were critically important to confirm the association between the presence of K-ras mutations and lack of benefit to treatment using cetuximab, an antibody directed to EGFR. The assays used for confirmatory studies were optimized and conducted in a centralized Clinical Laboratory Improvement Amendments (CLIA)-certified laboratory of the SWOG biorepository (3). The clinical study was resumed with modified eligibility criteria incorporating an assay for detection of mutations in Kras for determination of eligibility of patients to enroll in the clinical study. Ongoing biospecimen studies also use serum for proteomics, plasma for miRNA profiles, whole blood, circulating tumor cells and peripheral blood mononuclearcells for genotyping and genome wide analysis studies.
Discussion
Future directions
Translational research using the unique resources of SWOG aims to improve existing treatment or to provide definitive data for developing new therapeutic approaches or validating drug targets, biomarkers, or molecular diagnostic markers. By associating such markers with a clinical database with mature endpoints, SWOG facilitates translational research in cancer treatment that ranges from discovery of molecular pathways involved in specific cancer subtypes, to validation and comparative effectiveness of new biomarkers to standard clinical prognostic tools.
New technologies allow more efficient use of any biospecimen resource. For example, genotyping studies now require 5 ng or less of input DNA, and multiplex biomarker assays allow multiples of markers to be interrogated, simultaneously. Innovations in isolation of nucleic acid that enable analysis of both RNA and DNA are especially important, given that much of the SWOG solid tumor inventory consists of formalin-fixed paraffin embedded tissues. Limitations presented by older fixation methods on integrity of DNA, RNA, and protein have spurred the study of whole genomes and epigenomics markers using unfixed tissue. There is increasing scientific reasons that serve as incentives for increasing the collection of frozen tissue to study phosphoproteomics, metabolomics and transcriptome states, and establishing required proper collection facilities and close collaboration with surgeons to ensure that snap-frozen tissues are properly prepared and shipped. More attention is now turned to the science of biospecimen collection, focusing on preanalytic methods and best practices for specimen processing (8) . The introduction of next generation sequencing technologies will enable more sensitive and robust detection of genomic variation and greater depth of understanding of both global changes in chromosomal structure and specific genomic rearrangements in tumor cells (9) . Recent advances in miRNA detection using archived serum and plasma biospecimens (10) enhance the possibility of using less invasive methods to monitor cancer disease state over time. Detection of epigenetic modulation of the cancer genome (11) is expanding, and this warrants systematic collection of tumor specimens and matched somatic tissues as part of each specimen collection protocol so that comparisons to germline (constitutive DNA profiles) may be determined.
The SWOG biorepository also preserves tissue slides so that molecular markers can be mapped onto the tumor architecture and features of the tumor tissue microenvironment. The introduction of "virtual" pathology and direct annotation of histomorphologic characteristics of the tissue slide provides instant access to this bioresource to a wider panel of experts and investigators. Biospecimen collection is a dynamic process, incorporating best practices to anticipate new technologies and faster turnaround times required by clinical trials that target therapies based on information about drug targets or pathways activated in individual tumors. Capturing these data will provide a database of great depth on populations treated in clinical trials and will offer an opportunity for in silico research on pathways across diseases. SWOG and the cooperative group system provide a valuable resource for retrospective translational research and prospectively planned validation of biomarkers (12, 13) . Together, these tools and processes are intended to increase access to biospecimens and valuable annotated data related to SWOG clinical trials, and to advance cancer clinical trials into the era of genomic medicine.
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